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Background \

Dark Matter &
Black Holes



Dunkle Materie

Galaxy Clusters

1933 || Swiss astrophysicist Fritz Zwicky
Virial theorem to the Coma galaxy cluster

o Compared mass based on velocity, and mass

based on brightness.

Has ~400x more mass than was visually observable.
The gravity effect of the visible galaxies was far too small
for such fast orbits, thus mass must be hidden from view.
Based on these conclusions, Zwicky inferred that some
unseen matter provided the mass and associated
gravitation attraction to hold the cluster together.
This was the first formal inference about the existence of
dark matter.22l Zwicky's estimates were off by more than
an order of magnitude, mainly due to an obsolete value
of the Hubble constant23!
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https://en.wikipedia.org/wiki/Dark_matter#cite_note-autogenerated1-33
https://en.wikipedia.org/wiki/Dark_matter#cite_note-34

Dark Matter

Flat Rotation Curves
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Location: The Local Void
Distance: 17,000,000 ly
Diameter: 30,000 ly




Dark Matter

Flat Rotation Curves

http://ircamera.as.arizona.edu/NatSci102/NatSci102/movies/galrot_anim.gif

https://media.giphy.com/media/pvVVhQg2syJk4/source.gif
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Dark Matter

Recap

e Interacts with gravity
e Does notinteract with
electromagnetic radiation (light)

https://upload.wikimedia.org/wikipedia/commons/thumb/3/31/COSMOS_3D_dark_matter_map.png/1024px-COSMOS_3D_dark_mat
ter_map.png
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Dark Matter

Candidates
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Black Holes

Black Holes of Known Mass

LIGO

. O S

X-Ray Studies PR e

Solar Masses

20

LVT151012
GW151226

First proposed by Hawking in 1971
Formed at 107 s after big bang
Initial masses of ~1-10° solar masses
Idea rekindled by LIGO’s

announcement of the merger of two
30M black holes
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Lensing
Strong, Weak, Micro



Gravitational Lensing

Strong Lensing

Weak Lensing

Micro Lensing

https://upload.wikimedia.org/wikipedia/commons/thumb/0/03/Black_hole_lensing_web.gif/120px-
Black_hole_lensing_web.gif
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Gravitational Lensing

Strong Lensing Weak Lensing

https://upload.wikimedia.org/wikipedia/commons/1/11/A_Horseshoe_Einstein_Ring https://i.stack.imgur.com/nlECi.jpg
_from_Hubble.JPG
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Micro Lensing

1986 - Paczynski suggests using this to
search for massive compact halo objects

(MACHO:s)
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Gravitational Microlensing by Black Hole
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Microlensing \

Generator
The Code



The Model

Luminous
source

Moving massive

Observer




Calculations
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Calculations
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\ Generating Light Curves




Light Curves
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Light Curves
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Light Curves

HPIX=11737
objID =11173700000001

M=50M_
x=0.5
t,= 56965

=
Ln

i¥]
U
c
[i¥]
G
£
&
"]
=
=
=
c
o
o
=

Changing u,
O<u,<1

56300




Light Curves
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The Next Steps \
Fitters & Efficiency Maps



Efficiency
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\ More Robust Mock Light curves
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Thank Youl!

Questions?



